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ABSTRACT. TIk' qiimlral.ic (uiiiiilnm ii'SulU'cl fioiii Uu* (Juvrl. ion nl Navior-
StdkoH ('quation wjtli ntiaimnnl n'liixaiiou wuh koIvi'cI 1»y ni'pk'i 1 mf? llio (‘(ijilninuif?
hit'IuT Mifui Mi<’ sccofif) p o w r of vjk( o,siI.> .iml tlioi ma.l condiicLivjl y Thin J.'riIh io an oppro- 
xiiiiati* ('xjiri'nsmn loL I'o/f 'Two Sfln of viilui'K for I'o/V IhIpVo l)i‘(o (alt iilah'il ioi cliflriojit 
jiK'SSiii’i'n l>v i.akiijtT ntutic ajid Vidui'H of Tj, m  I'hu-ltcn’s fornmla foi llio mi lo o(
tli.'imal c-n.idurlivilv to VJaooailv- Tlaw (]uiU- Avail willi Ilia oxpi ijiiic]ilal roMilt, ol
IJoj^cr and fvKi-Ji.bpa.ri,, willon Mi<i IkuiIh iJivoha'd jji llio oriRJiial cfpialaoji and Ilia mih,sldulod 
VLduo of r'(, in Euolvi-n’a foi-jinda fvi-<'onHpan\s raloulaliou hiiHi-d oj\ (he IhirjioM.’H iln'ory 
and tho appruxmiiition of JJar Ui'f gas. him hm'U iiIho sIioavh foi coiupm-iHun
I  N T  n  0  1> U (' T  I O N
I t  litii? been oliRerved by Boyer (11)51) tJuil for diiifomic g.Lse.s blcc- 0^  iiiid 
tJie velo( li.y ol sound amtios .signdiciiiiiLJy as tlu; u ave lengtli of (Jio sound apj)j i mi lies 
llie mean liee-pa.tli of lJus moleeides. ll(R‘enlly (froensjian (11)54-, li)5b) t-iied to 
lo (-xjjlain the variation lioni his oAvn exjjemucntai le.sidt by oombiiimo the 
tieiyield, Kiee and Kiiesm’s theory (11)51) of thci’jmd jolaxatjon Avitii tin? lielp 
ol" Burnett’s theory and the appioxnualion ot Beehtu (1922) gas. Th(i disagree­
ment found out 111 tho enmparison is not ti-ival and is attributed to the nature 
of approximation involved in the Bui nett’s theoi y, a single lelaxation number lor 
the rotational relaxa,tion pnieess and the w ay ol eoinbining the tw^ o pi’ooesses.
All attempt is nmfle here to combine in the direct jiossiblc way the Naviei- 
iStokes cauation and the rotational character of the molecule throngU the complex 
nature of the speeifie lieat value, ' r^his leads io a (piadraiic equation whieli lias 
been solved Avith a vjoav  to retain only upto the significant torins contammg the 
second poATcr of viscosity and heat eonduetiAuty. I t  has heen sIio a v u  that the ap- 
proxmiatioii explains quite satisfactouly the exporiniental results obtained by
Boyer and Greenspan so long as <  |
Po ^0
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whoi'e q— ( o^effiGieni of viscosity
/Jq—density of ilio gas not disturbed by seund waves.
Vq—sound velocity with very low freauoncy, 
tij =  27t/  /  ™ frequency of the sound wave.
T J I E  O it Y
After eliminating the flow velocity and condensation (Herzfcld and LitovitzJ 
11)59) from the combination of the equation of motion and equation of continuity^ 
the combined form of the equation becomes/ _  ___
k—projiagation constant.
From the tlieiinodyiiamie.al consideration speialio heat values arc suitabl3'^ modi­
fied in the energy relation after taking into account thermal conductivity and 
relaxation. 8ubstitiiting those modified sjiecific Jieat values in the equation of 
state one can get
332 K . S am al
\ df) I Brji
uot)~* -iWk^ (2)
here B,ji—Isothermal bulk modulus
Cf.—^molar speiufic heat due to translational degrees of freedom. 
Cj—molar specific heat value due to internal degrees of freedom, 
li—gas constant 
T—^rotational relaxation time, 
y—thermal camductivity.
W — M —^molecular weight of the gas.
It has been assumed that at low pressure O2 and Ag behave abnost like a perfect 
gas. Substituting eqn. (2) m ocpi. (1) one can get
\4 Pq W^Ri ‘^^ _ (k  1 I ^  iW R t^ _  0 3
/ \ c j  L L y  '3 po
l l  P .V {W R ^ _
Oo\ Bt  f \ Gp^
Uj, L 7  />o T«’ ® 'Po' ' f i J  7 v‘ ! (3)
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Ojwhere Cj, =  C j+iJ |--
=  0 ,- 1- f.
] -\-icdT
r  -  G^ lOo
T o  g o t Llio a b o v e  lo u u  i t  is a ssu m ed  t h a t  th e  le a l  p a r ts  of [(,) jiiid
3 p^\dpj
iWh- , ,
ai'c (M,(‘h Jess tlLaii one.
Sol\ ing the, oipi (3) for tlie physieally pussilile nuh foi tJie, pi ojiag.itioii of 
sound A\.wes and ih'glocting terms eontaining liigliei ihaiii tlie second puwi r^ of 
viscosity and heat conduetivity, one gets
r 4o)3 / Po y* WB ( fo Y
Li^,.r Pu f! r' 'pr^ V a/\
• ( 1 (i) A) V' 7] 16 Y I b^ Y
3 \/?y7 / Po ^ Vo>' XBt jI
h f ^
wm -1 Al_
GpC'p-' \BrjfY ,t 0 / 0 / \
bVom Eueken (1952) approach one can wiite
(4)
where
and
a  =  ( 9 . 5 + 7 . 5 w V ) / ( l  +  t . iM )  
_ 2 c o r
 ^ (1 +  C0V2)
For convenien(;e let us write for thoieal part of ( and for the imaginary
\ Cl) / K o'*
part
aboiH^
] t  is seen ( “ ™ ) “ < <  ^  1 “* oxporimontal range
of Greenspan and Boyer. Thus ncgleelmg the higher than the first power of 
“ ™ , real and imaginary parts can be separated from (4) as follows.
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+
oLfi I 7} Y  / t.) {SAd—4:AH'^—'\)
V fJ \ ^
(r>)
,  [ «m  , 4  1, 01 , 16 / ’? r  ( 'I ^  ^  f s  1
 ^ “  h e  + 3  / . . T v  +  3 \ V   ^ e Po^ ^
f i 4 -  ‘ r  (8>i<i-^^“<i“- i )
- ‘ C . ) ’ l (  r . . ) T ’ ' ‘ - " ' - T . «- W “ (j
... (0)
If one neglects the fi'equcncy clcj)cn(ient terms in Eiickcn fornmla a — Mxlv 
and/? — 0 i.e. by taking the static value of 6',, and y in j  equations
(5) and (6) arc simplified as follows.
1 : .  b  c i v i ' - r " - " ' -
+ w ,  h  " "  ( i - ' ■ )  I ' - " )  ' ' ( * * ) ■  ( )
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(7)
__ r o)Ta _^4 fj fo
L e 3 Po
writing k — where -— \ and k.^  — amplitude absorjition coeffii-ieiit,
(1) V
V — phase velocity. One can riiadily show
-|-8 1-
/>o ^^ 0^
+
Then (F„/F)^ (9)
and
' Vn'"* /
. . .  ( 10)
V 111 R I F I 0 A T I O N OF E  X  P E  R I M P: N T A L R S E 1. T
Just to verify the result of Boyer, A and I  are (jalcidated from the preceding two 
sots of equations for and Og taking different pressure values. The constant 
values used are given below.
Density of Ng at N.T.P. =  1.25x 10-“gm/cm'‘
Density of 0^ at N.T.P. =  1 .429x10““ f/w/cm’*
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Oocffioienl- of viscosity f(ji‘ Ng iit 10.9“0  =  J70.7 rnicropoiac converter! to
l)y Keesom’s formula (1942) as 166.2 niicropoiso. Viscosity of Og at 0°C — 189.0
mioropoise.
Tlio collision number for Ng is taken to be 5.2S jia firlopted by Greenspan 
whereas oilier Avoi'kers (li)59) have taken it to 1)0 6. This difference does not 
introduce any apj)Tecjablo deviation in tlie comparison. But for Og this number 
IS taken to be 20 a,s found out by many workers (1959) and roughly estimated 
from Boyer’s result. |
TABLE 1
Coniparison with Boyer’s result 970.68 kc/sec.. Temperature 0°C. 
(a) Eor nitrogen
p —  r7) to
Pr. in ciiiH ( I/o/|/)oxpi,. 
oI H“g
(Ko/|/)oal 
C„ -  Co
( tv  1')
X =
22 G 1 72 0.994 0 999 0 99G
ft 12 0 G4 0 974 0 980 0 977
G. or. 0 4G 0 96G 0 .9G7 0 950
2. IG 0 24 0.955 0 950 0 928
1 SI 0.14 0 87 0 ft78 0 8IG
(b) For oxygen
7) to
Pr 111 ciYiH (F„/r) exfil. 
or Up.
(IVI’)
Cl, - C q
i V o ! V )  (Ml 
X - /(Y^ )
:ii A 2 70 0 990 0.987 0 987
22 6 1 9.5 0 987 0 977 0.972
JS.O 1 .55 0 985 0.967 0 962
1,1.,3 1 15 0 978 0 950 0 94 G
11 G 1.00 0.970 0 940 0.925
6.38 0.55 0.880 0.8.50 0.870
2 'JO 0.26 0.835 0 815 0 826
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TABLE TT
(bm])iirison AviiJi (Ti'c^ onspan’s rcsull for nitrogen / = l l  M(;/soc 
Toinpei -aturc 0 “ C
e , 1^ ' iJi cins (Vul]’)vx[>i (r„/|')cal. vn\ (_in'Mn,span
........................  '■1f)M
0 liJ4
0 573 
0 .9 2 0
1 720
2 230
3 00 
5 00
('o X ( I o/i' ) <■»!
0 ]S5  0 542 0 070 0 5S5
0 490 0 041 0 .7 0 S  0 010
0 797 0 700 0 705 0 .0 7 8
1 480 0 .8 0 0  0 785 0 757
1 ,9 3 0  0 8 0 5  0 8 4 0  0 8 2 0
2 600 0 900 0 935 0 850
4 330 0 949 0 950 0 940
0 297 
0 510 
0 050 
0 780 
0 820 
0 870 
0 950
In Greenspan’s paper fi'eqiieney hemg llMo/soc,,
Pa
Ng at the pressure of 0 8IJG ems. of Ilg. i.e. wlioii r — ^ cs; 1. In Table II,
a comparison Is made heU\'ceii Greenspan’s result and the calcidatod vaJues when 
r <  1. Greenspan's exjioiiiuental values and his calculated vaJiuiS were estimated 
from his giajih. The agreoment is better towa,rds tliC/ greater r values a,s expected 
from the theory But the agreement Avith expetiment loi‘ r less tha.n unity is 
rather surprising since the approximation used in this paper are. invalid for these 
r What should be Lhe exact value of xlv e.iii only bo obtained from the detailed 
kinetic theory treatment. That’s Avhy foi eomiia.iisoii two st'ts of calculated 
values are iiicorjiorated by substituting the stailc vahuis f)f in Euckim’s Ibi inula. 
As against such uncertainties in tlie values of y/// and lotalional collision number 
it is not desirable to reject the Na,vier-Rtok<‘.s equation when the agreoment with 
the theoretical result based on the Burnett's theory is not fully satisfactory for 
diatomic gases.
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